ABSTRACT Background: It is well established that mothers' education has positive effects on child nutrition in developing countries. Less explored is the effect exerted by the education of other individuals-mothers' friends, neighbours and family. Objectives: To examine independent effects of mothers', fathers' and grandmothers' education on child height-forage and weight-for-age z-score, and the role of community-level maternal literacy over and above parental education and other individual-level factors. Methods: Cross-sectional data were analysed for 5692 children from Andhra Pradesh State in India and Vietnam sampled within ''sites'' (20 from each country) and then within ''communities'' (31 from Vietnam and 102 from India). Multilevel regression analysis was undertaken to account for confounders and geographical clustering of observations. Results: Child nutrition is positively and independently associated with mothers', fathers' and grandmothers' education. The association with grandmothers' education was statistically significant in the India sample only and was stronger for boys: the adjusted mean difference in height-for-age z-scores between boys living with an educated grandmother and those not was 0.64 (95% CI 0.29 to 0.99, p,0.001). In the Vietnam sample, child nutrition was associated with the proportion of literate mothers in the community, adjusting for parental education and other confounders (height 0.81, 95% CI 0.29 to 1.31, p = 0.002).
It is well established that mothers' education has a positive effect on child nutrition in developing countries. In school, girls can acquire skills that are later used to access modern health services and comprehend health messages. Less explored, however, is the effect exerted by the education of other individuals-mothers' friends, neighbours and family-who may influence child nutrition directly (though childcare) or indirectly (though modification of the effect of maternal education).
Despite recent improvements, approximately half of preschool children remain underweight in Asia, which is the highest level in the world; in India 62 million children are underweight and in Vietnam there are 5 million. 1 2 In both countries there has been concern that economic advances have not been reflected in improvements in child nutrition. [3] [4] [5] Education is viewed as a key element in the overall strategy for reducing malnutrition in the developing world. This view is based on evidence spanning four decades for a positive effect of adult education on child health and nutrition in both developed and developing countries. [6] [7] [8] [9] [10] The effect is particularly strong for female education. In India, education has been shown to explain the spatial clustering of malnutrition and death, 11 12 and even low levels of education have been shown to increase child survival prospects and healthrelated behaviours. 13 The positive effect of maternal education is, nevertheless, not universal. 14 In Vietnam, a recent study using two nationally representative surveys found no significant effect of maternal education on child nutrition. 4 5 This is perhaps because increased pressure on women to work outside the home has had negative consequences for childcare and breastfeeding practices, which may have outweighed any potential benefit of education.
It has been argued that children's greater ''exposure time'' to mothers explains why the effect of education is greater for mothers than fathers, as fathers tend to work outside the home. 15 If, however, employment draws mothers away from childcare at home, the presence of other household members who are better educated than the mother may offer the potential for an improvement in the overall quality of childcare. This argument is supported by other studies drawing attention to the role played by older siblings and grandparents in childcare. [12] [13] [14] [15] [16] The concept of ''mass education'' was first introduced by Caldwell 6 in 1980 and developed by Cleland and Jejeebhoy, 17 who used survey data from south Asia to demonstrate that in communities where the average level of education is high, the fertility of the women with little or no education is lower than would otherwise be expected. Kravdal [18] [19] [20] claimed that an expansion of education would reduce mortality, not only because more women would enter an educational category associated with lower mortality, but also because all community members, including those who themselves remained uneducated, would benefit from the generally higher level of education in the community. These views are also shared by others. [21] [22] [23] A review of the literature reveals that most studies of adult education and child nutrition have focused on parents only. Few have examined the effect of education among other household or community members, although recent research suggests that these ''others'' may play an important role in determining child nutrition. [20] [21] [22] [23] The objectives of this study are therefore to explore the effect of mothers', fathers' and grandmothers' education on child nutrition, and to estimate, using multilevel methods, the effect of community-level maternal literacy on child nutrition over and above parental education and other individual-level factors.
METHODS

Study design
This study uses cross-sectional data from the first round of the Young Lives study (in 2002) in Vietnam and Andhra Pradesh State in south India. Full details of the Young Lives study are available at www.younglives.org.uk. The data from the first round of the Young Lives study are available from the UK Public Archive, study no. SN5307 (www.esds.ac.uk). In each country approximately 3000 children were sampled from 20 sites: 2000 children aged 6 to 17.9 months at enrolment (''one-year olds'') and 1000 children aged 7.5 to 8.5 years (''eight-year olds''). Sentinel sites, and the communities within the sites, were selected semipurposively. Households were selected using a method equivalent to random sampling. Detailed information on the study design and sampling methods has been published elsewhere. [24] [25] [26] Although the data are not nationally representative, we will hereafter refer to the data being from ''India'' and ''Vietnam''.
Main variables
Anthropometric indices were used as indicators of child nutrition, following procedures recommended by the World Health Organisation. [27] [28] [29] Children were classified as ''stunted'' (an indicator of chronic malnutrition) if they have height-forage z-scores below 22 SD and ''underweight'' (indicator of both chronic and acute malnutrition) if they have weight-for-age zscores below 22 SD. 28 29 Education was measured by asking the respondent what level of formal schooling each household member had completed. The data were recoded into the four main categories: ''none'', ''primary'' (corresponding to ages 6-11 years), ''secondary'' (11-14/15 years) or ''higher'' (15 years or above). For grandmothers, all education categories were combined because only a small number of grandmothers had secondary or higher education. Community-level maternal literacy was measured as the proportion of mothers who were literate in the community, as estimated from the sample (data on paternal literacy was not available). Literacy was assessed by asking ''Can you read and understand a letter or newspaper easily, with difficulty, or not at all, in any language?''. Answers were coded ''easily'', ''with difficulty'' or ''not at all''. Women who answered ''easily'' were categorised as literate. The choice of a community-level literacy variable, rather than an education variable, is based on the hypothesis that literacy is the key outcome of education and that the ''externality'' of education is spread mainly through literacy mechanisms. 30 
Statistical methods
For descriptive analysis we used chi-squared tests, Student's t-tests and F-tests to assess the statistical significance of differences between proportions, two means or more than two means, respectively. Multivariable regression analysis was used to adjust simultaneously for multiple confounders. Confounders were selected on the basis of UNICEF's model for the determinants of malnutrition, which incorporates biological and socioeconomic causes at both micro and macro levels. 31 Statistical interactions were assessed by entering a dummy interaction term into the model. Exact p values are presented in the text and statistical significance was assumed at the 5% level, except for statistical interactions, which used the 10% level. A test for trend was undertaken by applying the likelihood ratio test between a model in which the categorical variable is specified as continuous and a model excluding this variable altogether. A three-level model is used to account for the hierarchical structure of the data, 32 33 in which level 1 refers to measurements of the individual child and the child's household, level 2 the community and level 3 the site. Data were analysed for 5692 children/households in which the mother was the main caregiver of the child; this included 1946 oneyear olds from Vietnam and 1899 from India, 963 eight-year olds from Vietnam and 884 from India, and excluding cases with missing values for any of the variables selected for use in the analysis (N = 327).
Ethical clearance was obtained from participating research institutions in the United Kingdom and each Young Lives study country. Before interview, informed consent was obtained from participants.
RESULTS
The prevalence of stunting and underweight was 19% and 24% in Vietnam and 28% and 43% in India. The between-country differences correspond to what has been shown elsewhere, with Vietnamese children being better nourished on average than Indian children. 34 Table 1 shows the distribution of maternal, paternal and grandmother education in each country. It is apparent that adults have a higher level of schooling in Vietnam than in Andhra Pradesh (p,0.001), which also corresponds to previous literature. 35 Objective 1: maternal education Tables 2 and 3 show, for height and weight-for-age, respectively, the crude effect of maternal education on child nutrition (model A), and the effect adjusting for confounders (model B) as well as independent risk factors (model C). The tables show that the crude effect diminishes somewhat after adjustment for potential confounders and risk factors, although it remains statistically significant and linear for both nutrition outcomes (p,0.001). There was no difference in the education effect by country or child sex, but it was stronger in urban areas than rural (height p = 0.079, weight p,0.001) and stronger among the relatively wealthy households than the poor (height p = 0.094, weight p = 0.006). Differences in the effect of education were, however, found between one and eight-year olds in terms of weight-for-age (p,0.001), but not height-for-age (p = 0.849), with the effect on weight being greater for the one-year olds.
Objective 2: paternal and grandmother education Table 4 shows that fathers' education is positively associated with nutrition, and that whereas the presence of a grandmother in the household is not associated with child nutrition, her education has a positive effect on height-for-age (p = 0.053) and weight-for-age (p,0.001), adjusting for parental education and other confounders. Further analysis was undertaken to explore the role of grandmothers' education, as this is a relatively new area of interest within the literature. First, it was found that the effect was stronger in urban areas than rural (height p = 0.028, weight p = 0.027), as observed earlier for maternal education. Second, it was found that the effect was only evident in India and was stronger for boys than girls. In India the mean difference between boys having an educated grandmother in the household and boys who did not was 0.64 height-for-age zscores (95% confidence interval (CI) 0.29 to 0.99, p,0.001) and 0.52 weight-for-age z-scores (95% CI 0.25 to 0.78, p,0.001).
The difference was smaller for Indian girls (0.07, 95% CI 20.24 to 0.36, p = 0.671 for height-for-age, and 0.29, 95% CI 0.07 to 0.52, p = 0.010 for weight-for-age) and was statistically nonsignificant for both sexes in Vietnam. Tables 5 and 6 show, for height and weight-for-age, respectively, the crude results (model A), the results adjusted for potential confounders and risk factors but excluding parental education (model B), and the results adjusted for all confounders and risk factors, including parental education (model C). Adjustment for non-education confounders and independent risk factors diminishes the effect estimates for community-level maternal literacy, although the effect remains statistically significant for both height-for-age (p = 0.002) and weight-forage (p = 0.031). Once parental education has also been accounted for, however, the positive effect is reduced; the statistical significance of the effect disappears for child weightfor-age (p = 0.496) but remains borderline for height-for-age (p = 0.073). Once stratified by country, the results reveal that the effect is only significant in Vietnam (Vietnam 0.81, 95% CI 0.29 to 1.31, p = 0.002; India 0.12, 95% CI 20.31 to 0.55, p = 0.577). The lack of an effect in India may be explained by the particular definition of a ''community'', which in India was ''a small village or a cluster of hamlets'' and the small sample size of households within some of the communities sampled.
Objective 3: community-level education
DISCUSSION
The study has demonstrated a positive association between child nutrition-both stunting and underweight-and the education of adults living within the child's household and community. Particularly interesting, given the lack of previous evidence, is the positive association shown between child nutrition and grandmothers' education in India and community-level maternal literacy in Vietnam. The positive association with grandmothers' education in India is plausible given the overwhelming evidence of health benefits of female education, and given what we know about grandmothers' responsibilities in childcare. 36 It supports previous studies that have highlighted the role of grandmothers in determining health and fertility behaviour, whether ''positively'' or ''negatively'', and which call for a greater participation of grandmothers in behavioural-change interventions. [36] [37] [38] The positive association between child nutrition and community-level maternal literacy in Vietnam, over and above parental education and other individual-level confounders and risk factors, suggests that children may benefit from living in literate communities. Again, this is highly plausible. Despite the economic transition of the past 20 years, Vietnam's social structure is still largely influenced by the socialist planned economy. The literacy of other members of a ''commune'' can therefore realistically affect childcare through the sharing of knowledge and imitation of behaviour. Educated people often create demand for services and infrastructure and tend to have more political clout than less educated populations. 23 This research adds to the overwhelming evidence for a positive effect of adult education on child nutrition. Educationeffects were similar for both height and weight-for-age z-scores, suggesting they operate over the medium to longer term. The study also shows-in contrast to some other studies in the Table 4 Regression output: the effect of grandmothers' presence and education on child height and weight-for-age z-scores in all households (N = 5464) Research report past-that fathers' education is associated with child nutrition, and that this association was as strong as mothers' education. 38 It is plausible that fathers, often heading the households, make decisions and behave in ways that directly or indirectly affect childcare. The difference in findings between India and Vietnam may be explained by differences in the cultural significance placed on the extended family or commune/community. For example, grandmothers in India and communes in Vietnam are known to exert strong influences on childcare, so it is not unexpected that this study finds an effect of their education. Between-country differences may also be the result of methodological factors, such as the size and structure of the two datasets. For example, the absence in India (in contrast with Vietnam) of an effect of community-level maternal literacy may be explained by the small size of the communities selected-this argument is supported by findings from a recent nationwide study in India showing a clear positive effect of community-level education on child mortality. 20 Similarly, the lack of an effect of grandmothers' education in Vietnam (in contrast with India) may be explained, partly at least, by the small number of grandmothers included in the sample. Both methodological and cultural factors may thus lie behind the between-country differences observed. Furthermore, one should bear in mind, when interpreting the results, that the data were cross-sectional, meaning that causality cannot be proved and that further longitudinal research would be necessary to corroborate the findings.
Despite these weaknesses, this small study has succeeded in linking a number of key issues of interest among educationalists, economists and nutritionists, and highlighting their synergies. Within the disciplines of education and economics, the issue of education ''externalities'' is currently much debated, with increasingly sophisticated methods being developed to capture the social ''knock-on'' effects from investments in education. 30 40 The findings presented here demonstrate that externalities of education are observed both within and between households, that the externalities can be measured through child anthropometry, and that an individual-level perspective may fail to capture the entire impact of education on child nutrition.
There are two implications for nutrition policy emerging from this research. First it supports existing efforts to universalise basic education and adult literacy programmes, as education is positively associated with child nutrition. The second implication is more novel: policies currently aimed at improving child nutrition may benefit from recognising and including key actors other than the mother. It is plausible that the common approach of targeting women of reproductive age for health or nutrition interventions may overlook ''influential others'' in childcare and therefore miss useful avenues of influence. This study shows that mothers play a role in determining child nutrition, as well as fathers, grandmothers and the community at large. This is a timely finding as there is an increasing realisation within the field of nutrition that changing mothers' behaviour through targeted health education is difficult without simultaneously tackling underlying societal issues and intra-household power relations, which are known to influence mothers' decision-making and actions. 37 41 42 Moreover, as Asian countries undergo globalisation, and increasing numbers of mothers take up employment outside the home, other carers such as grandmothers and siblings are likely to play an increasingly important role in determining child nutrition and health. We therefore support a call to widen the focus of nutrition policy and programmes from the motherchild pair towards the broader context of their family and community, including mothers' social networks as well as locally influential individuals such as teachers and community leaders. 43 Further research is needed to corroborate the findings and interpretations presented here, in particular to improve our understanding of the mechanisms that underlie the relationship between child nutrition and adult education, including education measured at the community level. In addition, programmatic research is needed to explore practical ways in which to involve influential household and community members including mother-in-laws, teachers and local leaders, in nutritional interventions to increase programme effectiveness.
What this paper adds
c It is well established that mothers' education has a positive effect on child nutrition in developing countries. Less explored, however, is the effect exerted by the education of other individuals-mothers' friends, neighbours and family-who may influence child nutrition directly (though childcare) or indirectly (though modification of the effect of maternal education). c This study shows that children's nutrition is associated with the education of many adult household and community members. Particularly interesting, given the lack of previous evidence, is the finding that child nutrition in one sample (India) is positively associated with grandmothers' education, and that in the other sample (Vietnam), child nutrition is positively associated with community-level maternal literacy. The findings imply that an individual-level perspective may fail to capture the entire impact of education on child nutrition, and support a call for a widening of focus of nutrition policy and programmes from the mother-child pair towards the broader context of their family and community.
Policy implications
There are two major policy implications from this research. First it supports existing efforts to universalise basic education and adult literacy programmes, as education is positively associated with child nutrition. The second implication is more novel: policies currently aimed at improving child nutrition may benefit from recognising key actors other than the mother. The common approach of targeting women of reproductive age for health and nutrition interventions may overlook ''influential others'' in the family or community. Now that a growing number of women in India and Vietnam are taking up employment outside the household, the role of other carers such as grandmothers and siblings is likely to become increasingly important in determining child nutrition. Therefore the findings support a call to widen the focus of nutrition policy and programmes from the mother-child pair towards the broader context of their family and community.
